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Air flow meter 



(57) To provide an air flow meter having a simple 
structure, which restricts decrease in air flow velocity 
and occurrence of turbulence in a bypass passage so 
that air flow amount in an air flow passage is measured 
with high accuracy, an air flow meter (10) disposed in 
an intake pipe has a bypass member (30) having a U- 
shaped bypass passage, into which part of air flowing 
through the intake pipe is introduced. An outflow port 
(46) disposed at a downstream air side of the bypass 
passage is a pair of side walls (33) and a wall surface 
(36a) of a partition wall (36) disposed at an upstream air 
side of the outflow port (46). Further, the outflow port 
(46) is opened in an air flow direction in the bypass pas- 
sage and in an air flow direction in the air flow passage. 
Therefore, air flowing through the bypass passage is 
partially discharged into the air flow passage through the 
outflow port (46) gradually before joining main air flow 
in the air flow passage, thereby restricting decrease in 
air flow velocity and occurrence of turbulence in the by- 
pass passage. 



FIG. I 
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Description 

[0001] The present invention relates to an air flow nne- 
ter which has a bypass passage in an air flow passage 
and measures air flow amount in the air flow passage 
by measuring air flow amount In the bypass passage. 
[0002] Conventionally, air flow meters having a sen- 
sor unit disposed in an air flow passage of an internal 
combustion engine are well known. These air flow me- 
ters measure intake air flow amount of the engine by the 
sensor unit so that amount of fuel supplied to the engine 
is controlled with high accuracy. 
[0003] However, when both frequency and amplitude 
of intake air pulsation generated by engine operation in 
the air flow passage of the engine are high, air flow 
amount in the air flow passage may not be measured 
accurately due to response delay of the sensor unit or 
the like. For example, a thermal air flow meter having 
an exothermic resistor and a temperature sensing resis- 
tor as the sensor unit has nonlinear characteristics in 
which heat radiation amount of the resistors is in pro- 
portion to a square root of air flow velocity. Therefore, 
the thermal airflow meter may detect an air flow velocity 
smaller than an actual value due to response delay of 
the resistors. 

[0004] To eliminate these detection errors, JP- 
B2-6-17810, JP-A-8-1 93863 and JP-A-9-43020 dis- 
close an air flow meter which has a bypass passage 
formed in an air flow passage to measure air flow 
amount in the main air flow passage by measuring air 
flow amount in the bypass passage through a sensor 
unit disposed in the bypass passage. In the air flow me- 
ter having the bypass passage, pulsation in the bypass 
passage can be decreased and measurement accuracy 
of air flow amount can be improved by adjusting a ratio 
of a length of the bypass passage to a length between 
an inlet and an outlet of the bypass passage in an air 
flow direction in the air flow passage. 
[0005] However, air flowing through the bypass pas- 
sage and air flowing through the airflow passage collide 
with each other in a joint portion between the bypass 
passage and the air flow passage, thereby decreasing 
air flow velocity in the bypass passage and generating 
turbulence in the bypass passage. As a result, air flow 
amount ot the air flow passage may not be measured 
accurately. 

[0006] I n view of the foregoing problems, it is an object 
of the present invention to provide a simple-structured 
air flow meter which reduces decrease in air flow veloc- 
ity and occurrence of turbulence in a bypass passage 
and measures air flow amount in an air flow passage 
with high accuracy. 

[0007] According to the present invention of claim 1 , 

an air flow meter has a bypass passage having an out- 
flow portion disposed at a downstream air side in the 
bypass passage. The outflow portion is surrounded at 
its three sides by a surface disposed at an upstream air 
side of the outflow portion in an air flow passage and a 



pair of opposing surfaces facing each other in a direction 
perpendicular to an air flow direction in the air flow pas- 
sage and to an air flow direction in a downstream pas- 
sage of the bypass passage, and is opened in the air 
s flow direction in the air flow passage and in the air flow 
direction in the downstream passage. Therefore, air 
flowing through the bypass passage is partially dis- 
charged through the outflow port toward the down- 
stream air side in the air flow passage gradually, before 
joining air flow in the air flow passage. As a result, air 
flow in the bypass passage smoothly joins air flow in the 
air flow passage. Thus, air is smoothly discharged from 
the bypass passage to the air flow passage, thereby re- 
stricting airflow velocity in the bypass passage from de- 
creasing and decreasing turbulence in the bypass pas- 
sage. As a result, air flow amount in the airflow passage 
is measured with high accuracy. 
[0008] According to the present invention of claim 2, 
the air flow meter has the bypass passage formed into 
U-shape. Therefore, air flowing from the air flow pas- 
sage into the bypass passage collides with an inner wall 
of a bypass member before colliding with a sensor unit. 
As a result, adhesive foreign matters adhere to the inner 
wall to be removed from air. Therefore, the foreign mat- 
ters flowing through the air flow passage are restricted 
from directly colliding with the sensor unit and adhering 
thereto, thereby restricting performance of the sensor 
unit from declining. 

[0009] According to the present invention of claim 3, 
pulsation generated in the bypass passage can be de- 
creased by setting a ratio (L1/L2) of a passage length 
LI of the bypass passage to a length L2 between an 
inlet and an outlet of the bypass passage in an air flow 
direction in the air flow passage to be 4.0 ^ L1/L2 ^ 
5.8. Further, when L1/L2 ^ 5.8, the bypass passage 
length L1 can be shortened to be less than a predeter- 
mined value. That is, since a passage length of the 
downstream passage of the U-shaped bypass passage 
can be decreased under a predetermined value, air 
flowing from the upstream passage to the downstream 
passage while changing its flow direction and dis- 
charged from the bypass passage includes air flowing 
in the air flow direction in the air flow passage. As a re- 
sult, air being discharged from the bypass passage does 
not join the main air flow directly and perpendicularly 
but joins the main air flow smoothly, thereby increasing 
air flow velocity in the bypass passage. 
[0010] According to the present invention of claim 4, 
the air flow meter has a venturi passage which draws 
air flowing through the bypass passage so that air flow 
velocity in the bypass passage is increased. As a result, 
air flow amount can be measured with high accuracy. 

FIG. 1 isaperspective view showing an airflow me- 
ter according to a first embodiment of the present 
invention; 

Fl G . 2 is a cross-sectional view showing the ai r flow 
meter according to the first embodiment; 



15 



20 



25 



30 



35 



40 



45 



50 



2 



3 



EP 0 940 657 A2 



4 



FIG. 3A is a diagram showing a three-dimensional 
numerical analysis simulation of air flow according 
to the first embodiment; 

FIG. 3B is a cross -sectional view taken along line 
IIIB-IIIBin FIG. 3A; 

FIG. 4 is a cross-sectional view showing an air flow 
meter according to a comparative example in the 
first embodiment; 

FIG. 5A is a diagram showing a three-dimensional 
numerical analysis simulation of air flow according 

to the comparative example; 

FIG. 5B is a cross-sectional view taken along line 

VB-VB in FIG. 5A; 

FIG. 6 is a characteristic diagram showing a rela- 
tionship between an air flow amount and an air flow 
velocity ratio of air flow velocity in the first embodi- 
ment to air flow velocity in the comparative exam- 
ple; 

FIG. 7 is a characteristic diagram showing a rela- 
tionship between a ratio of length of a bypass pas- 
sage to distance between an inlet and an outlet of 
the bypass passage, and an air flow velocity ratio 
of air flow velocity in the first embodiment to air flow 
velocity in the comparative example; 
FIG. 8 is a cross-sectional view showing an airflow 
meter according to a second embodiment of the 
present invention; and 

FIG. 9 is a schematic view taken in an arrow direc- 
tion IX in FIG. 8. 

[0011] Embodiments of the present invention will be 
described hereinafter with reference to the accompany- 
ing drawings. 

(First Embodiment) 

[001 2] FIGS. 1 , 2 show an air flow meter according to 
a first embodiment of the present invention. An air flow 
meter 10 shown in FIGS. 1, 2 is disposed in, for exam- 
ple, an intake pipe of an internal combustion engine, and 
measures air flow amount of air flowing through an air 
flow passage formed by the intake pipe to be supplied 
to the engine. 

[0013] As shown in FIG. 2, the airflow meter 10 com- 
prises a circuit module 20 for measuring air flow amount 
and a bypass member 30. The circuit module 20 and 
the bypass member 30 are connected with each other 
through bonding or welding. 

[0014] The circuit module 20 has a circuit portion 21 
protruding outside the intake pipe and a sensor unit. The 
sensor unit has a temperature sensing resistor 22 and 
an exothermic resistor 24. Further, as shown in FIG. 1, 
the circuit module 20 has a thermistor 26 as an air tem- 
perature measuring element for measuring air temper- 
ature in the intake pipe. 

[0015] As shown in FIG. 2, a control circuit (not 
shown) accommodated in the circuit portion 21 is elec- 
trically connected with the temperature sensing resistor 



22, the exothermic resistor 24 and the thermistor 26 
(FIG. 1) through supporting members 23, 25, 27 (FIG. 
1 ). The control circuit controls power supply to the tem- 
perature sensing resistor 22 and the exothermic resistor 

s 24, and outputs from a connector 28 a detection signal 
of air flow amount detected by the temperature sensing 
resistor 22 and the exothermic resistor 24 according to 
air flow amount in a bypass passage 40 (described later) 
and a detection signal of air temperature detected by 

10 the thermistor 26 (FIG. 1). 

[0016] The temperature sensing resistor 22 and the 
exothermic resistor 24 are disposed in the vicinity of a 
communication portion between an upstream passage 
41 and a communication passage 43 of the bypass pas- 

15 sage 40. The temperature sensing resistor 22 measures 
temperature of air, which has contacted with the exo- 
thermic resistor 24. Therefore, preferably the tempera- 
ture sensing resistor 22 is disposed adjacent to the ex- 
othermic resistor 24 to such an extent that the temper- 

20 ature sensing resistor 22 is not affected by heat radiation 
of the exothermic resistor 24. 

[0017] The circuit portion 21 controls amount of elec- 
tric current to be supplied to the exothermic resistor 24 
so that difference between temperature of the exother- 

25 mic resistor 24 calculated from amount of electric cur- 
rent to be supplied to the exothermic resistor 24, and air 
temperature detected by the temperature sensing resis- 
tor 22 becomes constant, and outputs the controlled 
amount of electric current as an air flow amount detec- 

30 tion signal. 

[0018] The bypass member 30 has an outer tube 31 , 
a venturi tube 35 disposed at a bottom part of the outer 
tube 31 to be opposite to the circuit portion 21, and a 
partition wall 36 extending from the venturi tube 35 to- 

55 ward the circuit portion 21. The outer tube 31 , the venturi 
tube 35 and the partition wall 36 are integrally formed to 
provide the bypass member 30. The outer tube 31 has 
an upstream wall 32, a downstream wall 34 facing the 
upstream wall 32 with the partition wall 36 therebe- 

40 tween, and a pair of side walls 33 for connecting the up- 
stream wall 32 and the downstream wall 34. The side 
walls 33 and the venturi tube 35 are disposed in parallel 
with an air flow direction in the air flow passage. Each 
of the side walls 33 has a facing surface 33a. The facing 

45 surfaces 33a face each other in a direction perpendicu- 
lar to the air flow direction in the air flow passage and 
to an air flow direction in the downstream passage 42. 
The venturi tube 35 has a venturi passage 35a through 
which part of air flowing through the air passage flows. 

50 [0019] The bypass passage 40 is formed by an inner 
wall of the outer tube 31 and the partition wall 36. The 
bypass passage 40 is partitioned by the partition wall 36 
into the upstream passage 41 and the downstream pas- 
sage 42. The bypass passage 40 is formed into U-shape 

55 including the upstream passage 41 , the communication 
passage 43 and the downstream passage 42. The up- 
stream passage 41 and the downstream passage 42 are 
formed parallel with each other and perpendicular to the 
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air flow direction in the air flow passage, and are com- 
municated with each other through the communication 
passage 43. A direction of air flowing from the upstream 
passage 41 to the downstream passage 42 changes at 
the communication passage 43. Air flowing into the by- 
pass passage 40 through an Inlet 44 of the bypass pas- 
sage 40 flows through the upstream passage 41 , the 
communication passage 43, the downstream passage 
42 and an outlet 45 of the bypass passage 40 disposed 
at a downstream end portion of the downstream pas- 
sage 42, and is discharged from an outflow port 46 to 
the air flow passage. 

[0020] The outflow port 46 is disposed at a down- 
stream air side of the downstream passage 42, and is 
communicated with the downstream passage 42. The 
outflow port 46 is surrounded at its three sides by the 
opposing surfaces 33a of the side walls 33 and a wall 
surface 36a of the partition wall 36 disposed at an up- 
stream air side of the outflow port 46 in the air flow pas- 
sage. Further, the outflow port 46 is opened in an air 
flow direction in the downstream passage 42 and in the 
air flow direction in the air flow passage. Air flowing 
through the bypass passage 40 is discharged through 
these two openings of the outflow port 46 into the air 
flow passage. 

[0021] A length of the downstream wall 34 is deter- 
mined so that a ratio of a passage length LI of the by- 
pass passage 40 to a length L2 between the inlet 44 and 
outlet 45 of the bypass passage 40 in the air flow direc- 
tion in the air flow passage is 4.0 ^ L1/L2 ^ 5.8. The 
length LI represents a length of the bypass passage 40 
from the inlet 44 to the outlet 45 at a center of the bypass 
passage 40. That is, the length LI represents a length 
from an end of the upstream wall 32 to an end of the 
downstream wall 34. The length L2 represents a length 
between a center of the inlet 44 and a center of the outlet 
45 In the air flow direction In the air flow passage. 
[0022] A cross -sect ion a I area of the upstream pas- 
sage 41 is smaller than that of the downstream passage 
42. Therefore, air flow velocity in the upstream passage 
41 is larger than that in the downstream passage 42. As 
mentioned above, the temperature sensing resistor 22 
and the exothermic resistor 24 are disposed in the vi- 
cinity of the communication portion between the up- 
stream passage 41 and the communication passage 43, 
where air flow velocity is relatively large. Therefore, air 
flow amount can be detected by the temperature sens- 
ing resistor 22 and the exothermic resistor 24 with high 
accuracy, so that air flow amount is measured with high 
accuracy according to the detection signals. 
[0023] Next, operation of the air flow meter 10 will be 
described. 

[0024] As shown In FIGs. 3A, 3B, air flowing into the 

bypass passage 40 from the air flow passage 2 formed 
in the intake pipe separately flows into either the up- 
stream passage 41 of the bypass passage 40 or the ven- 
turi passage 35a of the venturi pipe 35. Air flowing 
through the upstream passage 41 flows through the 



communication passage 43 and then through the down- 
stream passage 42. Since air flow velocity is increased 
at the downstream air side of the venturi pipe 35, neg- 
ative pressure is generated at the downstream air side 
s of the venturi pipe 35. Air flowing through the bypass 
passage 40 is drawn by this negative pressure, so that 
air flow velocity in the bypass passage 40 is increased. 
[0025] A part of air flowing from the downstream pas- 
sage 42 into the outflow port 46 directly joins in the main 
10 air flow discharged from the venturi passage 35a at the 
downstream air side of the venturi pipe 35 to be dis- 
charged from the outflow port 46 into the air flow pas- 
sage 2. On the other hand, another part of air flowing 
from the downstream passage 42 into the outflow port 
15 46 is discharged toward the downstream air side in the 
air flow passage 2 before joining in the main air flow dis- 
charged from the venturi passage 35a, because the out- 
flow port 46 is closed by the partition wall 36 at the up- 
stream air side in the air flow passage 2 and is opened 
20 at the downstream air side in the air flow passage 2. 
[0026] Next, a comparative example for the first em- 
bodiment will be described with reference to FIG. 4. In 
the comparative example, a downstream wall 51 of an 
outer tube 50 extends to an upper end of the venturi tube 
25 35. Therefore, an outlet 54 of a bypass passage 52 is 
opened only in an air flow direction of a downstream 
passage 53, and is not opened in an air flow direction 
of the airflow passage. That is, L1/L2 < L3/L2. 
[0027] As shown in FIGs. 5 A, 5B, in the comparative 
30 example, most of air discharged from the outlet 54 di- 
rectly joins in air flowing in the air flow passage at a 
downstream air side of the venturi passage 35a. There- 
fore, air is restricted from being smoothly discharged 
from the bypass passage 52, thereby decreasing air 
35 flow velocity in the bypass passage 52 and generating 
turbulence in the bypass passage 52. 
[0028] On the other hand, in the first embodiment, the 
outflow port 46 is opened not only at the downstream 
air side of the downstream passage 42 but also at the 
40 downstream air side of the air flow passage 2. There- 
fore, air is gradually discharged into the air flow passage 
2 while flowing under the downstream wall 34, before 
joining in main air flow from the venturi passage 35a. As 
a result, air flow from the bypass passage 40 smoothly 
45 joins in main air flow from the venturi passage 35a in the 
airflow passage. As shown in FIG. 6, airflow velocity in 
the bypass passage 52 in the first embodiment is larger 
than that in the comparative example regardless of air 
flow amount in the air flow passage. In FIG. 6, the air 
50 flow velocity ratio represents a ratio of the air flow ve- 
locity in the bypass passage 40 in the first embodiment 
to the air flow velocity in the bypass passage 52 in the 
comparative example. 

[0029] Further, in the first embodiment, pulsation gen- 
55 erated in the bypass passage 40 can be decreased by 
adjusting L1 and L2 so that L1/L2 is defined as 4.0 < 
L2/L1 ^ 5.8. Further, a passage length of the down- 
stream passage 42 is held under a predetermined value. 
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Therefore, air flowing from the upstream passage 41 to 
the downstream passage 42 while changing its air flow 
direction includes air flowing in the air flow direction in 
the venturi tube 35, when joining in air flow from the ven- 
turi tube 35. As a result, air flow from the bypass pas- 
sage 40 and air flow from the venturi passage 35a join 
together smoothly. Further air flow in the bypass pas- 
sage 40 is drawn by negative pressure generated at the 
downstream air side of the venturi pipe 35. Therefore, 
as shown in FIG. 7, airflow velocity in the bypass pas- 
sage in the first embodiment is increased in comparison 
with that in the comparative example^ provided that air 
flow amount in the air flow passage in the first embodi- 
ment is the same as that in the comparative example. 

(Second Embodiment) 

[0030] A second embodiment of the present invention 
will be described with reference to FIGS. 8, 9. In this 
embodiment, component parts which are substantially 
the same as those in the first embodiment are indicated 
with the same reference numerals. 
[0031] An air flow meter 11 has a bypass member 60 
having an outertube 61 and a partition wall 65. The outer 
tube 61 has an upstream wall 62, a downstream wall 64 
facing the upstream wall 62 with the partition wall 65 
therebetween, and side walls 62 for connecting the up- 
stream wall 62 and the downstream wall 64. The parti- 
tion wall 65 partitions the bypass passage 70 into an 
upstream passage 71 and a downstream passage 72. 
[0032] An outflow port 73 is communicated with the 
downstream passage 72 and is disposed at a down- 
stream air side of the downstream passage 72. Further, 
the outflow port 73 is surrounded at its three sides by 
opposing surfaces 63a of the side walls 63 and an inner 
wall surface 65a of the partition wall 65. The inner wall 
surface 65a is disposed at an upstream air side of the 
outflow port 73. The outflow port 73 is opened in an air 
flow direction in the downstream passage 76 and in an 
air flow direction in the air flow passage 2, so that air 
flowing through the bypass passage 70 is discharged 
through these two openings. 

[0033] In the second embodiment, the bypass mem- 
ber 60 does not have a venturi tube. Therefore, air flow 
velocity in the bypass passage 70 is smaller than in the 
first embodiment. However, air is gradually discharged 
from the outflow port 73 into the air flow passage 2, 
thereby restricting air flow velocity in the bypass pas- 
sage from decreasing and decreasing turbulence in the 
bypass passage. 

[0034] In the above-mentioned embodiments of the 
present invention, the outflow port of the bypass pas- 
sage is closed at the upstream air side by the partition 

wall, and is opened in the air flow direction of the down- 
stream passage and in the air flow direction of the air 
flow passage. Therefore, air flowing through the bypass 
passage is gradually discharged through the outflow 
port into the air flow passage before joining in the main 



air flow in the air flow passage. As a result, air flow in 
the bypass passage smoothly joins in the main air flow 
in the air flow passage, thereby restricting air flow ve- 
locity in the bypass passage from decreasing and de- 
s creasing turbulence in the bypass passage. Therefore, 
the sensor unit detects air flow amount in the bypass 
passage with high accuracy. 

[0035] In the above-mentioned embodiments, the by- 
pass passage has a substantially square-shaped cross- 

10 section. However the bypass passage may have a 
cross-section of any other shapes, such as a circle. 
[0036] The present invention is not limited to a device 
for measu ring air flow amount for an internal combustion 
engine, but may be applied to a device for measuring 

15 air flow amount in various air flow passages. 

[0037] To provide an air flow meter having a simple 
structure, which restricts decrease in air flow velocity 
and occurrence of turbulence in a bypass passage so 
that air flow amount in an air flow passage is measured 

20 with high accuracy, an air flow meter (10) disposed in 
an intake pipe has a bypass member (30) having a U- 
shaped bypass passage, into which part of air flowing 
through the intake pipe is introduced. An outflow port 
(46) disposed at a downstream air side of the bypass 

25 passage is surrounded at its three sides by opposing 
surfaces (33a) of a pair of side walls (33) and a wall sur- 
face (36a) of a partition wall (36) disposed at an up- 
stream air side of the outflow port (46). Further, the out- 
flow port (46) is opened in an air flow direction in the 

30 bypass passage and in an air flow direction in the air 
flow passage. Therefore, air flowing through the bypass 
passage is partially discharged into the air flow passage 
through the outflow port (46) gradually before joining 
main air flow in the air flow passage, thereby restricting 

35 decrease in air flow velocity and occurrence of turbu- 
lence in the bypass passage. 



Claims 

40 

1. An air flow meter for measuring air flow amount in 
an air flow passage, said air flow meter comprising: 

a bypass member disposed in said air flow pas- 
45 sage, for forming a bypass passage into which 

air flowing through said air flow passage par- 
tially flows; and 

a sensor unit disposed in said bypass passage, 
for detecting air flow amount in said bypass 
50 passage, 

wherein said bypass passage includes: 
a downstream passage which crosses said air 
flow passage so that air flowing through said 
bypass passage is discharged therefrom, and 
55 an outflow port disposed at a downstream air 

side of said downstream passage communicat- 
ed with said downstream passage, said outflow 
port being surrounded at its three sides by a 
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surface disposed at an upstream air side of said 
air flow passage and opposing surfaces facing 
each other in a direction perpendicular to an air 
flow direction in said air flow passage and to an 
air flow direction in said downstream passage, s 
and said outflow port being opened in said air 
flow direction in said air flow passage and in 
said air flow direction in said downstream pas- 
sage. 

10 

2. The air flow meter according to claim 1 , wherein: 

said bypass passage including said down- 
stream passage is formed into U -shape. 

3. The air flow meter according to claim 2, wherein: 15 

a ratio of a length (LI ) of said bypass passage 
to a length (L2) between an inlet and an outlet of 
said air flow passage in said air flow direction is de- 
fined as 4.0 ^ L1/L2 ^ 5.8. 

20 

4. The air flow meter according to claim 1, 2 or 3, 

wherein: 

said bypass member has a venturi passage 
which draws air from said bypass passage. 

25 
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